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[57] ABSTRACT

An integrating time detector derives an integrating time
interval within a reduced period of time, by decreasing
a reference voltage against which an integrated voltage
1s compared in accordance with a time function stored
in a computer.
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INTEGRATING TIME DETECTOR FOR
PHOTOGRAPHIC APPARATUS

' BACKGROUND OF THE INVENTION

The invention relates to an integrating time detector
for use in a photographlc apparatus. -

~ An integrating circuit is used, for example, in a photo-
metric circuit of a photographic apparatus, in particu-
lar, in a direct photometric circuit. The 1ntegrat1ng
circuit is adapted to integrate a photocurrent which is
produced by a photoelectric transducer element in re-
sponse to the incidence of reflected light from an object
being photographed thereon in order to determine an
exposure period which corresponds to the light from
the object. Such circuit suffers from the disadvantage
that the integration cannot be performed over an in-
creased length of time since the integrating period is
limited by the characteristic of an integrating capacitor
used, for example, the leakage current thereof. When
the integrating circuit is used in a photographic camera,
this means that the combination cannot allow an expo-
sure period for the camera which has an increased
value. On the other hand, when such integrating circuit
18 used in a situation involving a low level of illumi-
nance as when taking a picture with a microscope, an
inconvenience is experienced that it takes a long inte-
gratmg time.

SUMMARY OF THE INVENTION

It 1s an object of the invention to eliminate the de-
scribed disadvantages of the prior art by providing an
Integrating time detector for a photographic apparatus
which is capable of calculating a required integrating
time mnterval at an earlier time, even for an increased
length of integrating time, by changing a reference
voltage against which an integrated voltage is com-
pared to determine the integrating time interval.

In accordance with the invention, a reference voltage
against which an integrated voltage is compared is
changed to permit the calculation of a required integrat-
g time interval at an earlier time, if the latter has an
increased duration, before the actual integrating time
interval lapses. In this manner, the adverse influence of
the leakage current from an integrating capacitor is
eliminated even when an integrating time interval of an
increased length is involved. When taking a picture
with a microscope where the ‘illuminance is of a low
level to necessitate an increased length of integrating
time, the required integrating time interval can be calcu-
lated at an earlier time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block dlagram of the electrlcal circuit of
the integrating time detector accordlng to one embodi-
ment of the invention;

- FIG. 2 graphically illustrates the choxce of a refer-
ence voltage, 1llustrating the Operatlon of the detector
shown in FIG. 1;

FIG.31sa dlagrammatlc view of the 1ntegrat1ng time
interval which can be detected by the detector of FIG.
1 as a function of the film speed and the illuminance;

FI1G. 4 1s a block diagram showing the computer of
FIG. 1 in greater detail; and

FIGS. § and 6 are flow diagrams useful for descnbmg
the operations performed by the computer of FIG. 1.
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DESCRIPTION OF PREFERRED EMBODIMENT

Referring to FIG. 1, there is shown the electrical
circuit of an integrating time detector according to the
invention. Specifically, it includes a photoelectric trans--
ducer element 1 which is responsive to light from an
object being photographed to produce an output photo-
current, which is in turn integrated by an integrating -
circuit 2. An output from the integrating circuit 2 or an
integrated voltage is fed to a voltage comparator 8,
which is also fed with a reference voltage from a calcu-
lation and control circuit 9. The integrating circuit 2 is
assoclated with a switch driver 7 which controls the
discharge of the integrated voltage.

More specifically, the integrating circuit 2 includes
an operational amplifier 3 having an input which is fed
with the output photocurrent from the transducer ele-

ment 1, with an integrating capacitor 4 connected

across the mput and the output terminal thereof and
with a series combination of a discharge resistor 5 and a
switch 6 connected in shunt with the capacitor. The
purpose of the series combination of the resistor 5 and
the switch 6 is to clear or discharge the integrated volt-
age across the capacitor whenever the detector has
determined the integrating time interval.

The calculation and control circuit 9 COmprises a
bank of switches 11 which are utilized to preset a film
speed, an interface circuit 12 which responds to the film
speed information supplied from the bank 11 by con-
verting it into a voltage level which is compatible with
a subsequent computer 10, a decoder/latch 13 which |

- receives and latches various control information from
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the computer 10 through an address bus 10A and a data
bus 10B and which decodes such information, a digital-
analog converter 14 which is supplied with digital infor-
mation representing a reference voltage from the deco-
der/latch 13 and converts it into an analog reference
voltage, and a display 15 for displaying information
indicative of the integrating time interval which is sup-
plied from the decoder/latch 13. The analog reference
voltage which is produced by the D-A converter 14 is
applied to one input of the voltage comparator 8 where
1t is compared against the integrated voltage from the
circuit 2 which is applied to the other input thereof.
When the integrated voltage is equal to or exceeds the
analog reference voltage, the comparator produces an
output signal, which is fed to the computer 10. It will be

understood that on the basis of film speed information

supplied from the bank of switches 11, the computer 10
develops a reference voltage, which is supplied to the
comparator 8 through the A-D converter 14, and moni-
tors the comparison result to determine the integrating
time interval. When the integrating time interval is
determined, the computer 10 delivers an integration
complete signal which is fed to the switch driver 7,
causing the latter to close the switch 6 in the integrating
circuit 2 to thereby discharge the integrated voltage
across the capacitor 4 through the discharge resistor 5.
This completes an integrating operation, and the circuit
is ready to initiate another cycle of operation. It is to be
understood that the decoder/latch 13 in the calculation
and control circuit 9 is adapted to deliver a control
signal, shown at 17, which is effective to close a shutter,
not shown, at the termination of the integrating time
interval determined by the computer 10. |
It is a feature of the integrating time detector shown
in FIG. 1 that the reference voltage which is supplied to
one input of the voltage comparator 8 is changed under
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the control of the computer 10. The change 1n the refer-
ence voltage also depends on the film speed which is
supplied from the bank of switches 11. The manner in
which the computer 10 changes the reference voltage to
permit an earlier determination of the integrating time
interval for an increased length of integrating time in-
terval will be described below with reference to FIG. 2.

In FIG. 2, the ordinate represents an integrated volt-

age V plotted against an integrating time t shown on the
abscissa. It is to be understood that the illustration in
FI1G. 2 corresponds to the application of the integrating

time detector of FIG. 1 to a photometric circuit of a
photographic camera which is of direct photometry
type. In the illustration of FIG. 2, a reference voltage
V16 represents a reference voltage corresponding to a
film sensitivity of ASA 16 while a reference voltage
V3200 corresponds to a film sensitivity of ASA 3200.
The reference voltage V has an increased magnitude for
a low film sensitivity and has a low magnitude for a high
film sensitivity. In FIG. 2, the photometry is permitted
for a range of film sensitivities from ASA 16 to 3200. A
minimum integrating time interval t;;;; and a maximum
integrating time interval t,,x are indicated on the ab-
scissa, and indicate the minimum and the maximum
integrating time interval, respectively, which can be
permitted during the direct photometry. In a conven-
tional photometric circuit, a perfect photometry is only
permitted during an exposure period which corre-
sponds to an integrating time interval from t;min tO tmax-
For an integrating’ time interval greater than tmax, the
leakage current of the integrating capacitor has an ad-
verse influence upon the integrating action, preventing
a proper exposure period from being determined. In
addition, the determination can only be made after the
termination of such integrating time interval of an in-
creased length.

- -In FIG. 2, the origin is defined by an integrating time
interval tgand an integrated voltage of zero. A number
of ‘rectilinear lines indicative of integrated voltages
'VLmax, V4, VLm(lﬁ), V.and Vypn,n are shown extending
from the origin and corresponding to a different value
of illuminance L as a parameter. Of different the values
of the illuminance Lmax, Lfi Lmin(16), Le and Lin, Limax
represents the maximum illuminance and L,,;, the mini-
mum illuminance which can be determined photometri-
cally. For purposes of illustration, it is assumed that the
illuminance has a level Lyand the ASA film sensitivity
is a.. In this instance, the reference voltage V will have
a value V, shown on the ordinate. A proper exposure
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period is determined by photometry as the curve Vs 50

representing the integrated voltage for the illuminance

Ls crosses the reference voltage Vg or at a point of

intersection f of the integrated voltage Vs with a hori-
zontal line extending from the value V4 on the ordinate.

It will be seen that since the integrating time interval tf 55

in this instance is located intermediate the minimum and
the maximum value t,;;; and t;nax, it can be calculated by
the usual direct photometry technique, and hence 1t 1s
unnecessary to change the reference voltage V.
However, considering the illuminance of L, and the
reference voltage of Vg, it will be noted that the recti-
linear line representing the integrating voltage V, for
the illuminance L. cannot cross the horizontal line cor-
responding to the reference voltage V before the maxi-
mum integrating time interval t,,4x is reached. In other

words, the line representing the integrated voltage V.

crosses the horizontal line corresponding to the refer-
ence voltage V, at a point e which goes beyond the
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maximum time interval t;sx. The integrating time inter-
val corresponding to the point of intersection e 18 te.
Hence, it requires a longer period of time than the maxi-
mum time interval tmgx to determine the integrating
time interval t. by the usual direct photometry tech-
nique. In such instance, the mtegrating action 1s influ-
enced by the leakage current of integrating capacitor to
prevent a proper exposure period from being deter-

mined, as mentioned previously. In accordance with the
invention, a rectilinear line ab as shown in FIG. 2 is
defined. Specifically, the line ab joins a point a on the

horizontal line corresponding to the reference voltage

V16 with a point b on another horizontal hne corre-

sponding to the reference voltage V3z00. By utilizing the
rectilinear line ab, the integrating time interval is deter-
mined prematurely to eliminate the influence of the
leakage current of the integrating capacitor. Any refer-
ence voltage correspondlng to a point on the line seg-
ment ab is stored in the computer 10 and 1s supplied to
the voltage comparator 8.

Continuing the description of the example for the
illuminance L. and the reference voltage Va, a value
corresponding to the ASA film speed a is established in
the bank of switches 11 in the integrating time detector
of FIG. 1, and such value is supplied to the computer 10
through the interface circuit 12. The computer 10 deter-
mines the reference voltage V, corresponding to the
ASA speed by utilizing a value stored in an internal
memory which is manipulated under a program control,
and supplies it on the data bus 10B to the decoder/latch
13 under the control of the address bus 10A. In response
thereto, D-A converter 14 converts it Into a corre-
sponding analog reference voltage, which is then ap-
plied to one input of the comparator 8. As the photome-
try is initiated, the integrated voltage V.supplied to the
other input of the voltage comparator 8 from the inte-
grating circuit 2 is compared against the reference volt-
age V. As mentioned previously, the integrated volt-
age Vcannot cross the horizontal line corresponding to

the reference voltage Vg before the maximum integrat-

ing time. interval tmax is reached. However, when an
integrating time of t.is reached after the initiation of the
photometry, the horizontal line corresponding to the
reference voltage V crosses the line segment ab at a
point of intersection ¢. In addition to storing the refer-
ence voltage response corresponding to the line seg-
ment ab, the computer 10 stores the value of the refer-
ence voltage Vo which is being utilized for the photom-
etry as well as the value of any corresponding film
speed, so that at the integrating time t,, it readily detects
integrating time t. under a program control, and
changes a subsequent reference voltage into a moditied
value which varies in accordance with the response to
the line segment ab. Accordingly, the reference voltage
which varies along the line segment ab is fed to the
voltage comparator 8 through the decoder/latch 13 and
the D-A converter 14. The reference voltage gradually
changes along the line segment ab in a direction indi-
cated by an arrow k. At time t;, the integrated voltage
V. assumes a value V(; corresponding to a point €j on
the line representing the integrated voltage V., while
the reference voltage supplied to the voltage compara-
tor 8 under the control of the computer 10 assumes a
value V;corresponding to a point j on the line segment
ab. Hence, the output from the voltage comparator 8
does not change at this time. However, as the time
passes and the integrating time of tg is reached, the
integrated voltage crosses a reference voltage Vq at a
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point of intersection d, whereby the voltage comparator
8 produces an output. The output is fed to the computer
10, and the corresponding 1ntegrat1ng time mterval tq1s
stored 1n the computer 10.

When the integrating time interval tyrepresenting the
intersection of the mtegrated voltage with the modified
reference voltage is detected, the computer 10 calcu-
lates a true integrating time interval t, for the illumi-
nance L. and the initial reference voltage V,, utilizing
the time interval t;, the corresponding reference volt-
age Vg, the initial reference voltage V, and the rectilin-
ear line representing the integrated voltage V., for the
illuminance L. as follows: -

(1)

Representing the reference voltage corresponding to
the line segment ab by V={{(t), the reference voltage
V4 can be uniquely obtained as Va=1(t4). Hence the
equation (1) can be rewrltten as follows:

Va
H
At

(2)

te'-:

'From the above discussion, it will be appreciated that
the true integrating time interval te can be easily calcu-
lated at an earlier time ty which is less than the maxi-
mum. integrating time interval tmgx even though the
integrating time interval t, exceeds the maximum time

interval t,qx. In this manner, the adverse influence of

the leakage current of the 1ntegrat1ng capacitor can be
avoided.

Considering the rectilinear line representlng the inte-
grated voltage Vi.x for the maximum illuminance
Lmax which can be determined photometrically, it is
seen that it crosses the reference voltage Vg corre-
sponding to the ASA speed 16 at a point of intersection
g to indicate an integrating time interval of te, and also
crosses the reference voltage V30 corresponding to
the ASA film speed 3200 at a point of intersection h to
indicate a minimum integrating time interval t,,;,. Con-
sidering the rectilinear line representing the integrated
voltage Vymi, for the minimum illuminance L,,;, it
crosses the reference voltage V320{] correspondmg to
the ASA film speed 3200 at a maximum integrating time
interval t,uqx. The rectilinear line representing the inte-
grated voltage Vime) for the illuminance Lomin(16)
crosses the reference voltage V¢ corresponding to the
ASA film speed 16 at the maximum 1ntegrat1ng time
interval tmax.

FIG. 3 diagrammatically illustrates the operable
range of the integrating time detector described above
in connection with FIGS. 1 and 2, as a function of the
ASA film speed and the illuminance. The abscissa rep-
resents the ASA film speed from- 16 to 3200 while the
ordinate indicates the integrating time interval which
can be detected. On the ordinate, the minimum integrat-
ing time interval t,,;, is shown topmost, and the maxi-
‘mum time interval t,,,, which can be detected by the
direct photometry technique is indicated below that.
The maximum integrating time interval T4, which can
be detected by the integrating time detector of the in-
vention is shown at the bottom of the diagram. Differ-
ent levels of illuminance Lmax, Limin(16)s Lmin are shown
by arrows which are directed obliquely upward to the
left, and it is to be understood that the same value of
illuminance prevails along the direction which is indi-
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6

cated by the respective arrow. It will be seen that a
region A shown in FIG. 3 represents the range where
the photometry of a conventional integrating circuit of
direct photometry type is operable while a region B
represents a range which can be detected by the inte-
grating time detector of the invention. Thus, the reglon
A extends between the minimum and the maximum
integrating time interval tpi, and tgx for ASA film
sensitivity from 16 to 3200 for illuminances from L;qx
to Lmin. By contrast, the maximum integrating time
interval which can be detected is extended to a value
Tmax when the integrating time detector of the imnven-
tion is used.

‘The computer 10 of FIG. 1 is shown in greater detail
in FIG. 4 and comprlses a central processor unit 20
comprising: a microprocessor 21, clock generator 22,
and system controlier 23 including bi- directional bus
drivers and a system control: a random access memory
(RAM) 24 and a programmable read-only memory
(PROM) 25. RAM 24 and PROM 25 are coupled to
CPU 21 by data bus 26. Data stored in PROM 25 and
RAM 24 is accessed by addressing the desired memory
locations through address bus 26 and enabling the data
transfer to CPU 21 by control bus 27. Data is read into
RAM 24 in a similar fashion. The CPU is preferably a
Model 8085A; the RAM is preferably a Model 8156
with 1/0, counter and timer; and the PROM is prefera-
bly a Model 8755A with 1/ O, all manufactured by Intel.

The operations performed by computer 10 are shown
by the flow diagrams of FIGS. 5 and 6 wherein the
Initial conditions preparatory to a photographing opera-
tion are established in the manner shown in FIG. 5. The
film rating is selected by setting the switch bank (31).
Computer 10 examines the setting (32) and selects the
reference voltage level V ggr associated with the ASA
rating of the film (33). The reference voltage is applied
to. decoder/latch 13 (33). D/A converter 14 converts
the digital value to an analog level to enable comparator
8 to compare V ggrto the integral voltage deve10ped by

operational amplifier 3. |
The computer 10 then determines the maximum time

tmax during which a perfect photometry may be per-

formed, in accordance with curve. ab (35).

The electronic control of the photographing opera-
tion is in accordance with the flow diagram of FIG. 6
wherein the operation is initiated. by operation of a
shutter button (36) which trips the camera shutter (not.
shown for purposes of simplicity). The computer 10
detects the closure of the shutter button (37, 38) to:
develop a signal (39) for operating switch driver 7 to.
open switch 6; and to start a timer (40) which is typi-
cally a register in CPU 20 which is periodically incre-
mented, as is conventional. The value in the timer is.
periodically compared with the value ‘tmgx previously
calculated (41). If the integrated signal reaches the
value- Vrgr before the timer reaches t,ng., a normal:
photometry is performed by closing the shutter (42, 43,
54). A signal is developed to operate switch driver
circuit 7 to close switch 6 preparatory to the next pho-
tographmg operation (55). |

- If the timer value reaches t;;4x (42) and V; has not yet
reached Vggrrthen Vg er1s reduced (45) in accordance
with the slope of curve ab. The comparator 8 is perloch-
cally examined (46) When Vi;=Vggr (reduced), i.e.
VRED(47) the time (tx) in the timer is stored (48) and the
reduced Vpg5gr value is stored (49). These values are
utilized, together with the original Vggr, to calculate
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the extended time t. (80) in accordance with the equa-
tion te=t,VREF/VRED. Thus, the extended time t. 1s
determined before its actual occurrence, avoiding the
need for relying on the limited capability of the integrat-
ing element 4.

The timer is periodically compared with the value te
(51). When the timer value equals t. (52), the shutter
closing signal is generated (54) and the signal for closing
switch 6 1s generated (85).

5

Thus a proper photometry is obtained regardless of 10

the limitations of the integrating element 4 and before
the actual extended time occurs.

A latitude of modification, change and substitution 1s
intended in the foregoing disclosure, and in some in-
stances, some features of the invention will be employed
without a corresponding use of other features. Accord-
ingly, it is appropriate that the appended claims be con-
strued broadly and in a manner consistent with the spirit
and scope of the invention herein.

What is claimed 1s:

1. An mtegratlng time detector for a photographlc
apparatus, comprising:

integrating means for integrating an input signal to

provide an integral signal;
means for producing a given reference signal for
comparison with the integral signal until a given
time interval is reached, and for producing a
changing reference signal which changes as a given

" function of time after the given time interval if the
integral signal does not reach the given reference
value within the given time interval, thereby de-
tecting a time when the integral signal coincides
with the changing reference voltage, said means
calculating an integrating time interval corre-
sponding to the given reference signal based on the

. time when the coincidence is detected, the given
reference signal and the given function of time; and

comparison means for comparing the integral signal
outputted from the integrating means agamnst the
reference signal produced by the calculating means
to output a coincidence signal whenever the inte-
grating and reference signals coincide with each
other.

2. An integrating time detector according to claim 1,
further including means for presetting information
which corresponds to the given reference signal against
which the integral signal from the integrating means 1s
compared, the calculating means producing the given
reference signal which corresponds to the preset infor-
mation for a given time interval which corresponds to
the given reference signal.

3. An integrating time detector according to claim 1,
further including a display connected to the calculating
means for displaying an integrating time interval de-
rived by the calculating means.

4. An integrating time detector according to claim 1
in which the calculating means comprises a computer.
- 5. An integrating time detector according to claim 4
in which the calculating means additionally comprises a
decoder/latch for latching and decoding various infor-
mation supplied from the computer, and a digital-analog
converter for converting digital information from the
decoder/latch which corresponds to the reference sig-
nal and for converting the digital information into a
corresponding analog reference signal for supply to the
comparison mearns.

6. An integrating time detector according to claim 1,
further including an interface circuit which converts
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8

information preset by the information preset means into
a signal compatible with the calculating means.

7. An integrating time detector accordlng to claim 1
in which the integrating means comprises an integrat-
ing, operational amplifier having its one input supplied
with an input signal corresponding to an electrical con-
version of light from an object being photographed
which is photometrically determined, an integrating
capacitor connected across said one input of the opera-

tional amplifier and the output terminal thereof, and a
series circuit including a resistor and a switch con-

nected in shunt with the integrating capacitor, and in
which the comparison means comprises a comparison,
operational amplifier having its one input connected to
the output of the first mentioned operational amplifier
and having its other input connected to receive the
reference signal from the calculating means, an output
signal from the comparison, operational amplifier being
applied to the calculating means.

8. A time detector for detecting the time interval for
a photographing operation comprising:

first means for generating a signal which is a function

of light received by said first means, responsive to
a shutter opening;

integrating means for integrating said signal;

second means for providing an initial reference level;

said second means including third means for altering

said reference level after a first predetermined time
interval; |

comparator means for comparing said integrated

signal against said reference level to generate an
output;
said second means including fourth means for deter-
mining the time for closing the shutter to provide a
proper photographing operation responsive to the
time said comparator means generates an output
and responsive to the initial reference level.
9. A method for determining the time for a proper
photographing interval to operate a shutter comprising
the steps of: |
providing a first reference level representative of the
film speed of the film used for photographing;

generating a signal representative of the light being
reflected from the image being photographed, re-
sponsive to the opening of the shutter;

integrating said signal;

determining a first predetermined time in accordance

with said first reference level;

altering said first reference level at a predetermined

rate upon the occurrence of said first predeter-
mined time; pl determining a first time interval
when the integrated signal equals the altered refer-
ence level;

determining the time needed for a proper photo-

graphing operation based on the first time interval,
the first reference level and the reduced reference
level; and

closing the shutter responsive to the calcu]ated

elapsed time.

10. A method for operating a shutter to provide a
proper photographing operation comprising the steps
of:

providing a reference level responsive to the film

speed of the film being used for the photographing
operation;

generating a signal representing the light reflected

from the image being photographed responsive to
the opening of the shutter; |
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integrating said signal;

altering the reference level at a predetermined time
prior to the prior time interval required;

calculating the required time interval for closing the
shutter at a time prior to the required time respon-
sive to the time required for said integrated signal
to equal said reduced value;

closing said shutter when said calculated time has

- elapsed.

11. A method for determining an extended exposure
interval for operating a shutter including a timer and
photometry means, comprising the steps of:

starting the timer responsive to opening of the shut-

ter, said photometry means also being activated

10

responsive to the shutter opening to develop a 15

signal level representative of light reﬂected from
the object being photographed;

determining a reference level and maximum time
mnterval for an unextended photographing opera-
tion determined by the film ASA rating;

reducing said reference level when said maximum

~ time interval i1s reached;

comparing the output level of said photometry means
against said reference level; |

determining the extended time interval for the photo-
graphing operation when said levels compare,
based upon the original reference level, the re-
duced reference level and the time when said levels
compare.

12. Determining a time mterval for a photographing

operation through the employment of a photometry
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circuit which generates an integrated signal responsive
to the light level sensed by the photometry circuit in-
cluding the steps of:

determining an initial threshold level in accordance

with the characteristics of the film being used in the
photographing operation;

successively reducing the threshold level a predeter-

mined time after the initiation of a photographing
operation;
terminating the photographing operation responsive
to the integrated signal reaching the threshold level
prior to the predetermined time; and '

determining the extended time required for the inte-
grated signal to reach the initial threshold level
responsive to the integrated signal reaching the
reduced threshold level.

13. The method of claim 12 further comprising the
step of generating a terminating signal for terminating
the photographing operation at the extended time cal-
culated.

14. The method of claim 12 wherein the step of deter-
mining the extended time further comprises the step of
noting the time when the integrated signal reaches the
reduced threshold level and determining the extended
time (tex) in accordance with the relationship fex="Vy
Vi/ti where Vris the signal level representing the char-
acteristic of the film, V,1s the instantaneous value of the
reducing signal and t,is the time at which the integrated

signal reaches the value of the reducing signal V..
® X ¥ %k ¥ |
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